In this paper, we study the observability of an invisible Higgs boson at Fermilab Tevatron and CERN LHC through the production channel qq → ZH → + − + P / T , where P / T is reconstructed from the + − with = e or µ. A new strategy is proposed to eliminate the largest irreducible background, namely qq → Z(→ + − )Z(→ νν). This strategy utilizes the precise measurements of qq → Z(→ + − )Z(→ + − ). For m H = 120 GeV and with luminosity 30 fb −1 at Tevatron, a 5σ observation of the invisible Higgs boson is possible. For m H = 114 ∼ 140 GeV with only 10 fb −1 luminosity at LHC, a discovery signal over 5σ can be achieved.
Introduction
Understanding the mechanism of electroweak symmetry breaking (EWSB) is a primary goal of the Fermilab Tevatron, CERN LHC and the proposed ILC. In the standard model (SM) of high energy physics, EWSB is realized via a weak-doublet fundamental Higgs field. After spontaneous EWSB, namely the Higgs field acquiring a vacuum expectation value (VEV), only one neutral Higgs boson is left in the particle spectrum. The Higgs boson mass is theoretical unknown within the SM. Therefore searching the whole mass region is necessary and great efforts have been made on it since the establishment of the SM. The latest direct search at LEP sets the lower bound of the SM Higgs boson of 114.4 GeV at 95% confidence level (CL) [1] . The Higgs boson can also affect electroweak observables through radiative corrections. Therefore precise measurements of these observables can predict the Higgs boson mass. The tiny decay width for the light Higgs (< 2m W ) is due to the suppressed coupling among Higgs boson and fermion, which is proportional to m f /m W with m f the light fermion mass. Therefore the light Higgs boson (< 2m W ) can possibly decay into non-SM particles with a large branching ratio. For example the Higgs boson may decay dominantly into scalar dark matter in the simplest cold dark matter model [6] . The study in [6] shows that the correct cold dark matter relic abundance within 3σ uncertainty (0.093 < Ω dm h 2 < 1.129) and the experimentally allowed Higgs boson mass (114.4 ≤ m H ≤ 208 GeV) constrain the scalar dark matter mass within 48 ≤ m S ≤ 78 GeV. This result is in excellent agreement with that of de Boer et al.
(50 ∼ 100 GeV) [7] . Such a kind of dark matter annihilation can account for the observed gamma ray excess (10σ) at EGRET for energies above 1 GeV in comparison with the expectations from conventional galactic models. The most important phenomenological consequence of this model is that the Higgs boson decays dominantly into scalar cold dark matter if its mass lies within 48 ∼ 64 GeV. In [8] O(1 ∼ 100)MeV scalar dark matter was proposed to account for the observation of a 511 keV bright γ ray line from the galactic bulge [9] . From a theoretical point of view, containing a stable singlet scalar which interacts possibly with an SM Higgs boson is a generic feature of models of scalar dark matter [6, 10] . In other models beyond the SM, it is not rare that the Higgs boson can decay into dark matter. For example in supersymmetrical models with R-parity, the Higgs boson can decay into a neutralino pair if kinematically allowed.
Another reason why the light Higgs boson is especially interesting is due to the aspect of experiments. It has been known for a long time that hadronic asymmetry meas-urements, namely A b FB , A c FB and Q FB , prefer the heavier Higgs mass with central value around 400 GeV, while the leptonic ones, m W , F Z and R , prefer the very light Higgs, which already indicates a certain tension with the direct search limit 114.4 GeV [4] . While such a situation may be totally due to statistical fluctuations, it is not unreasonable to suspect that some unknown systematic errors lie in hadronic asymmetry measurements. If this is true, the SM Higgs boson tends to lie just above the current direct search limit; otherwise the tension will become stronger.
In this paper we will study the invisible Higgs boson in the ZH associated production channel in which the Higgs boson decays invisibly, i.e. we cannot tag the Higgs decay products, and Z → + − with = e, µ. The signal is + − P / T where P / T is reconstructed from the + − . This channel has been widely discussed in the literature [11] [12] [13] [14] [15] . As one of the characteristics of this mode, we cannot get a Higgs boson invariant mass peak out of a continuum background. Therefore it is quite interesting to know how to get Higgs boson mass information from the experimental measurements. As pointed out by [14] , this process may provide an interesting handle on the Higgs boson mass at LHC. The Higgs mass can be extracted from the production cross section and the uncertainty is 35-50 GeV (15-20 GeV) with integrated luminosity 10(100) fb −1 at LHC [14] 2 . Therefore, precise understanding of the backgrounds is essential. At hadron colliders the precise predictions for the backgrounds are commonly thought to be difficult because of the uncertainty in the parton distribution function (PDF), large QCD radiative corrections etc. However for this channel, we only care about charged lepton final states, and the backgrounds seem to be less severe than those of hadronic final states. Another interesting question is how to suppress the background efficiently. In the literature, lots of techniques are proposed [11] [12] [13] [14] [15] . However the largest irreducible ZZ background, with one Z decay into neutrinos and the other into a charged lepton pair, cannot be eliminated by kinematical cuts. In this paper, we will propose a method, i.e. utilizing the precise measurement of Z(→ + − )Z(→ + − ), to reduce the largest irreducible ZZ background.
Detail simulation
In this paper, we consider the production of a Higgs boson in association with a Z boson, and the Higgs decays 100% invisibly. Therefore the signal is p p(orp) → Z(→ + − ) + h inv ; = e, µ .
As the signal is + − P / T where P / T is reconstructed from the + − , the most significant sources of background are Z(→ + − )Z(→ νν), W + (→ + ν)W − (→ −ν ), Z(→ + − )W (→ ν),
